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INTRODUCTION 
The Carbide/Graphite Group Inc. requested the University of Kentucky, Kentucky Transportation 
Center to do a feasibility study to detennine if a hydrated lime product produced at their Cal vet City, 
Kentucky facility can be used as a soil subgradc stabilizing agent. 
BACKGROUND 
Calcium hydroxide - Ca(OH)2, and calcium oxide - CaO are used to stabilize clay subgrades. 
Subgrades constructed by the Kentucky Transportation Cabinet are oftentimes stabilized with 
hydrated or quick lime when the California Bearing Ratio (CBR) value is six or less. This 
recommendation was made by the Geotechnology Section of The University of Kentucky 
Transportation Center as a result of a research study (1). The addition of hydrated or quick lime 
(typically five percent of dry weight) improves the bearing capacity and compressive strength of clay 
subgrades. Lime reacts with clay particles and improves engineering properties of the clay. 
INITIAL TESTING 
Classification tests were performed on two bag samples of soil submitted by the Carbide/Graphite 
Group, Inc. in September 1996. Basic laboratory tests, such as grain size, liquid and plastic limits, 
and specific gravity, were performed to detennine soil classification of the two samples. Both 
samples were classified as A-6 by the American Association of Highway and Transportation Officials 
(AASHTO) and CL by The Unified System of Classification (USC). Additional soil was required for 
moisture density, bearing ratio, and unconfined compressive strength testing. Two more bag samples 
were submitted in October 1996. The latter two samples were classified as A-4 according to the 
AASHTO system and CL according to the USC system. Results of index testing are shown in Table 
1 and Appendix A. The four samples were combined to make one composite sample for moisture­
density, bearing ratio, and unconfined compressive strength testing of compacted specimens of the 
soil and soil-hydrated lime product mixtures. Any rocks larger than 4.75 mm (No.4 sieve) were 
removed from the composite sample. 
Table 1. Classification pro ryerties of soil samples. 
Sample Limits SG Percent Passing Classification 
LL PL PI No.4 No.lO No. 200 usc AASHTO 
(% ) (% ) (% 4.75 mm 2.0mm .075mm .002mm 
) 
Soil #1 37 23 14 2.70 99.5 97.4 86.7 31 CL A-6 (12) 
Soil #2 31 20 11 2.66 93.5 91.5 80.1 28 CL A- 6 (8) 
Soil #3 48 34 14 2.73 100 100 88.0 28 CL A-6 (8) 
Soil #4 30 20 10 2.65 98.6 96.8 83.6 29 CL A-4 (7) 
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Standard moisture-density relations 
tests were performed on the 
composite soil sample and on 
samples blended with five and ten 
percent of the hydrated lime 
product. The optimum moisture 
content of the soil without the 
hydrated lime product was 17.5 
percent. When 5 percent of lime 
product was added to the soil, the 
optimum moisture content increased 
to 21.06%. However, when 10 
percent of the lime product was 
added, the optimum moisture 
content increased to only 21.17%. 
Essentially, the optimum moisture 
content did change when the 
hydrated lime product was increased 
from 5 to 10%, as shown in Figure 
1. Maximum dry density decreased 
from 108.1 lbs/ft3 to 99.1 lbs/ft3 
(1751 to 1587 kg/m3) with the 
addition of five percent hydrated 
lime product. When 10% of the 
hydrated lime product was added, 
the maximum dry density decreased 
to a value of 98.5 lbs/ft3 ( 1578 
kg/m3), as shown in Figure 2. 
Moisture-density relations curves 
are shown in Appendix B. 
Changes in Soil Properties 
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Figure 1. Changes in Optimum Moisture Content as a 
Function of Hydrated Lime Product 
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Figure 2. Changes in Maximum Dry Density as a Function 
The plasticity index of the sub grade of Hydrated Lime Product. 
soil and the percentage of the 
sample less than the 0.002-mm particle size decreases as the percentage of hydrated lime product 
added to the soil increases. The reaction between the hydrated lime product and clay changes the 
properties of the soil. The soil initially was classified as a CL or "lean clay" by the Unified 
Classification System and A-6 and A-4 with Group Indexes (GI) ranging rom 7 to 12 by the 
AASHTO classification system. A GI of 20, or greater, indicates a "very poor" subgrade material 
while a GI ofO indicates a "good" subgrade soil (2) . The addition of two percent by dry weight of 
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the hydrated lime product to the clay changed the classification to ML (silty clay) and A-4 (7). Mixing 
the soil with 4, 6, 8, and 10 percent of the hydrated lime product caused the soils to become non 
plastic. Although the USC and AASHTO classifications remained the same, the group index 
decreased from 7 to zero when more than 2 percent of the hydrated lime product was added. The 
percent less than 0.002 mm decreased slightly as the percentage of hydrated lime product was 
increased as shown in Table 2. 
Table 2. Classification prooerties of soil hydrated lime product mixtures. 
Sample Limits SG Percent Passing Classification 
LL PL PI No.4 No.lO No. 200 usc AASHTO 
4.75 mm 2.0mm .075 mm .002mm 
Ra nge of 30 20 1 2.65 93.5 91.5 80.1 28 CL A-7 (7) 
Four Soil - - 0- - - - - - -
Samples 48 34 14 2.73 100 100 88.0 31 A-6 (12) 
Soil- 2% 35 28 7 2.70 100 100 84.6 28 CL A-4 (7) 
lime 
product 
Soil- 4% Non Plastic 100 100 83.8 27 CL A-4 (0) 
lime 
product 
Soil- 6% Non Plastic 100 100 83.3 19 CL A-4 (0) 
lime 
product 
Soil- 8% Non Plastic 100 100 81.8 18 CL A-4 (0) 
lime 
product 
Soil- 10% Non Plastic 100 100 85.1 17 CL A-4 (0) 
lime 
product 
UNCONFINED COMPRESSIVE STRENGTH TESTS 
A series of unconfined compressive strength te�1:s were performed on specimens mixed with different 
percentages of hydrated lime product . The percentages ranged from zero to ten. The samples were 
recompacted near 95 five percent of standard dry density and optimum moisture content and aged 
for seven days at room temperature. This procedure, developed at the Kentucky Transportation 
Center (1), and used by Kentucky Transportation Cabinet, Division of Materials, Geotechnical 
Branch, is used to determine the optimum percentage of chemical stabilizer for highway subgrades. 
In using this procedure, several soil samples are recompacted at different percentages of lime. The 
recommended percentage of stabilizer is the percentage at which a 50 psi (345 kPa) increase occurs 
above the untreated soil strength, but with a compressive strength not less than 100 psi (690 kPa). 
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The Kentucky Transportation 
Cabinet uses an accelerated curing 
time (two days at 49° C or 120° F) 
to avoid construction delays (2). 
The unconfined compressive 
strength increased from 25 psi ( 173 
kPa) to 57 psi (393 kPa) for zero to 
two percent hydrated lime product 
additive. Unconfined compressive 
strength decreased to 22.5 psi (155 
kPa) with four percent additive and 
increased to about 30 psi (207 kPa) 
at 10 percent of the hydrated lime 
product, as shown in Figure 3. No 
reason for the decrease in 
unconfined compressive strength at 
four to ten percent additive could be 
determined. A second series of tests 
Figure 3. Unconfined Compressive Strength versus Percent 
of Hydrated Lime Product. 
were performed to determine if 
procedural or operator errors may have caused the loss in strength at four percent, or greater. The 
second series of tests produced similar results as shown in Figure 3. 
An additional series of tests were performed following Kentucky Transportation Method KM 64-520-
95 (2). The difference in this procedure and the one used is samples are recompacted, sealed and aged 
for 48 hours at 120 o F ± 9 o F ( 49 o C ± 5o C) in place of seven days at room temperature. These 
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Figure 4. Unconfined Compressive Strength versus Time 
for Soil Five Percent Hydrated Lime Product. 
tests were performed because 
samples cured seven days at room 
temperature did not meet the 100 
psi (690 kPa) minimum strength 
requirement established in KM 220-
95. Results of these tests are shown 
with samples aged for seven days at 
room temperature in Figure 3. 
An additional series of unconfined 
compressive strength tests were 
performed using soil and five 
percent hydrated lime product 
mixtures. The specimens were 
compacted, sealed and aged for 
varying times at room temperature. 
Unconfined compressive strength 
tests were perfOrmed at 1, 7, 14, 
Beckham and Hopkins� Stabilization of Subgrade Soil using Hydrated Lime Product 5 
and 28 days age time. As shown in Figure 4, unconfined compressive strength increased from 34 psi 
(235 kPa) for a curing time of one day to 59 psi (407 kPa) at 28 days, of curing time. 
BEARING RATIO TESTS 
California Bearing Ratio (CBR) 
tests were performed on 
recompacted specimens of the 
following mixtures: 
e Soil only 
e Soil and 5% hydrated 
lime product 
e Soil and 10% hydrated 
lime product 
Two series of A ASHTO CBR tests 
were performed. The first series 
were performed strictly following 
AASHTO T-193 (4) procedures. 
The samples were compacted to the 
desired density and moisture content 
( 9 5 % of standard dry density and 
optimum moisture content) and 
allowed to soak in water for a 
a: 
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Figure 5. CBR Values for Standard 96 Hour Soaking 
Period 
20 ............................ . 
period of 96 hours (4 days). Tests in 
this series were performed on the 
soil only and with soil samples 
blended with five and ten percent 
hydrated lime product. The second 
series were compacted and allowed 
to soak in water for an extended 
period of time (30 days with five 
percent additive and 27 days for 10 
percent additive). The latter series 
of tests were performed for two 
reasons: 
15 
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Figure 6. CBR Values of Extended Long-term Soaked Soi­
Hydrated Lime Product Samples 
1. to determine any long-term 
swelling that may occur. Past 
experience has shown that some 
byproducts generated from coal­
fired electric generating plants, 
contain lime and sulfur compounds 
which produce swell reactions when 
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exposed to water for extended 
periods of time -- more than 100 
hours. 
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2. to determine if extended 
exposure to moisture had any effects 
on bearing capacity. CBR values of 
soil-lime product specimens ranged 
from about 16 to 24 for specimens 
submerged in water for extended 
i 0 %  Lime Product Long Term periods of time (27- 30 days). CBR 
o.2 5 % Lime Product . . . . '"-.. . . . values of standard 96-hour soaking 
Long Term '\. ...-:-. \. periods ranged from 4.7 at 0.5 in, 
0 c_ ___ -___________ ____J (12.7 mm) penetration to 4.5 at 0.1 om o.1 10 100 in,. (2.5 mm ) penetration for the 
soil only. The CBR value of the soil 
Figure 7. Swell of Soil and Soil Hydrated Lime Product with five percent hydrated lime 
Mixtures. product ranged from 11.2 at 0. 5 in. 
(12.7 mm) penetration to 12.7 at 
0.1 in. (2.5 mm). The soil with ten 
percent hydrated lime product additive, had CBR values of 12.4 and 16.6 at 0.5 in. (12.7 mm) and 
0.1 in. (2.5 mm), respectively. Results of standard CBR values arc shown in Figure 5. 
Time (Days) 
CBR values for the extended soaking period ranged from 11.1 at 0.5 in. (12.7 mm) penetration to 
12.7 at 0.1 in. (2.5 mm) penetration for the specimen with five percent hydrated lime product added. 
Values for the specimen with ten percent additive ranged from 23.5 at 0.4 in. (10.2 mm) to 21.5 at 
0.1 in. (2.5 mm) penetration. CBR was not determined at 0.5 in (12.7 mm) penetration because the 
capacity of the load measuring device was reached before 0.5 in. (12.7 mm) penetration was reached. 
These results indicated that when the soil-hydrated lime product mixtures are in the presence of 
water, increased cementing reactions between the hydrated lime product and soil occur. No excessive 
swell was observed. Results of long-term CBR tests are shown in Figure 6. 
Swell was measured during CBR soaking periods to determine if the addition of the hydrated lime 
product had any effect on swell, especially long- term swell. Past experience has shown that blending 
lime based industrial byproducts from coal fire electric generating plants with soil may result in 
mineral growth which leads to large amounts of swell in the presence of water (1). Swell was 
measured during the long-term soaking periods for CBR testing. During the standard 96 hour soaking 
period, the soil sample swelled about 1.05 percent. Total swell of the soil hydrated lime product 
mixtures were 0.15 percent. Swell of the soil hydrated lime product samples during the long-term 
soaking period was very small. Total swell occurred in the first two days of soaking as shown in 
Figure 7. 
CONCLUSIONS 
Unconfmed compressive strength increased from about 30 psi (207 kPa)to 50 - 60 psi (345 - 414 
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kPa)with two percent hydrated lime product additive. These strength gains were achieved with seven 
days curing time at room temperature and curing 48 hours at 49o C or 120 °F. Strengths of higher 
percentages of hydrated lime product were less than 60 psi ( 414 kPa). No soil-hydrated lime product 
mixtures met the 100 psi (690 kPa), the minimum strength required by the Kentucky Transportation 
Cabinet for stabilized subgrade (2). Because of low plasticity indices (PI), the soils used in these 
experiments may not be suitable for lime stabilization. The Kentucky Transportation Cabinet 
normally uses hydrated lime to stabilize subgrades when the plasticity index (PI) is greater than 20. 
Soil with PI values less than 20 are normally treated with cement (5). The appropriate chemical is 
determined in accordance with the Federal Highway Administration "Soil Stabilization Manual'', 
FHWA-IP-80-2 (6). The PI of the soils used to form the composite sample for testing ranged from 
10 to 14. Lime or cement are an accepted stabilizing agents for this soil based on criteria in FHW A­
IP-80-2. Generally, soils having plasticity indices less than about 8 percent are not suitable for treating 
with lime. 
CBR values increased from less than 5 with no additive to more than 20 with the addition of ten 
percent hydrated lime product and extended soaking periods. Long-term swell was reduced from 1.05 
percent to less than 0.2 percent with the addition of hydrated lime product with the soil. The CBR 
values of samples treated with 5 percent of the hydrated lime product were greater than 6.5- the 
minimum value required by the Kentucky Transportation Cabinet. 
RECOMMENDATIONS 
Based on unconfined compressive strength tests, the soil hydrated lime product does not meet 
Kentucky Transportation Cabinet requirements for subgrade stabilization. However, California 
Bearing Ratio values were improved with the addition of the hydrated lime product. The hydrated 
lime product may be a more effective stabilizer for soils with higher (<- 20) plasticity indices. Future 
testing should be directed toward testing soils with values of plastic indices equal to or greater than 
20 percent. 
A chemical analysis should be performed to determine the amount of calcium hydroxide available to 
react with the soils, and to determine if any unsuitable substances are present in the hydrated lime 
product. A chemical analysis was not available for the hydrated lime product. 
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APPENDIX A 
Classification Data and Grain Size Curves 
LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL 
Carbide/Graphite 37 
#1 
TIME TEMP 
PL 
23 
SIEVE 
SIZE 
3/8 IN 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
(MIN) OF READING 
1. 00 64.00 53.50 
2.00 64.00 50.50 
5.00 64.00 46.00 
15.00 65.00 39.50 
37.00 66.00 35.00 
62.00 67.00 32.00 
243.00 71.00 26.00 
1440.00 72.00 21.50 
PI SPGR AASHTO GI USC 
14 2. 70 A-6 (12) CL 
MECHANICAL SIEVE 
WEIGHT 
RETAINED 
0.00 
5.06 
22.03 
HYDROMETER SIEVE 
WEIGHT 
RETAINED 
0.79 
0.93 
0.86 
4.69 
ANALYSIS 
TOTAL PERCENT 
PASSING 
100.00 
99.51 
97.38 
ANALYSIS 
TOTAL PERCENT 
PASSING 
96.22 
94.86 
93.59 
86.69 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
72.75 0.03747 
68.38 0.02737 
61.83 0.01810 
52.55 0. 01100 
46.17 0.00722 
41.98 0.00567 
33.89 0.00291 
27.59 0.00122 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER 
Carbide/Graphite 
#2 
TIME TEMP 
(MIN) Fo 
1. 00 67.00 
2.00 67.00 
5.00 67.00 
15.00 67.50 
40.00 68.50 
64.00 69.00 
240.00 71.00 
1505.00 72.00 
LL 
38 
PL 
23 
SIEVE 
SIZE 
3/4 IN 
1/2 IN 
3/8 IN 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
51.00 
47.50 
43.00 
36.00 
31.00 
29.00 
24.00 
21.00 
PI SPGR AASHTO GI usc 
15 2.74 
MECHANICAL SIEVE 
WEIGHT 
RETAINED 
0.00 
30.68 
9.50 
24.91 
19.85 
HYDROMETER SIEVE 
WEIGHT 
RETAINED 
1. 54 
1. 26 
1. 00 
4.22 
A- 6 12) CL 
ANALYSIS 
TOTAL PERCENT 
PASSING 
100.00 
96.93 
95.97 
93.48 
91.49 
ANALYSIS 
TOTAL PERCENT 
PASSING 
89.31 
87.52 
86.11 
80.14 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
66.49 0.03727 
61.63 0.02731 
55.37 0.01802 
45.64 0.01104 
38.86 0.00698 
36.25 0.00556 
29.58 0.00293 
25.65 0.00119 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL PL PI SPGR AASHTO GI usc 
Carbide/Graphite 31 20 11 2.66 A- 6 ( 8) CL 
#3 
MECHANICAL SIEVE ANALYSIS 
SIEVE WEIGHT TOTAL PERCENT 
SIZE RETAINED PASSING 
3/4 IN 0.00 100.00 
1/2 IN 32.45 98.22 
3/8 IN 7.48 97.81 
NO. 4 17.10 96.87 
NO. 10 21.89 95.67 
HYDROMETER SIEVE ANALYSIS 
SIEVE WEIGHT TOTAL PERCENT 
SIZE RETAINED PASSING 
NO. 20 1. 33 93.25 
NO. 40 1. 09 91.27 
NO. 60 0.83 89.76 
NO. 200 3.74 82.97 
HYDROMETER ANALYSIS 
TIME TEMP HYD PERCENT PARTICLE 
(MIN) OF READING FINER DIAMETER- MM 
1. 00 66.00 45.00 75.64 0.04078 
2.00 66.00 42.50 71.11 0.02950 
5.00 66.50 38.00 62.95 0.01940 
15.00 67.00 31.50 51.38 0.01170 
30.00 69.00 28.00 45.48 0.00837 
60.00 69.00 25.00 40.04 0.00605 
252.00 72.50 20.00 31.65 0.00299 
1473.00 72.00 16.50 25.30 0.00126 
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Carbide Graphite #3 
SIEVE SIZES: 
5ILT 
.010 •. HJ0 1.000 
Dlr:IMETER IN MM 
;,_ 
' . m� 
FINE _GRAVEL 
t00.0 
SAMPLE NUMBER 
Carbide/Graphite 
#4 
TIME TEMP 
(MIN) OF 
1. 00 67.00 
2.00 67.00 
5.00 67.00 
15.00 67.50 
30.00 68.50 
60.00 69.50 
310.00 73.00 
1463.00 72.00 
LABORATORY RECORD OF SOIL TEST DATA 
LL 
30 
PL 
20 
SIEVE 
SIZE 
3/4 IN 
1/2 IN 
3/8 IN 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
45.00 
42.50 
38.00 
31.50 
28.00 
25.00 
20.00 
16.50 
PI SPGR AASHTO GI usc 
10 2.65 A-4 {7) CL 
MECHANICAL SIEVE ANALYSIS 
WEIGHT TOTAL PERCENT 
RETAINED PASSING 
0.00 100.00 
7.93 99.68 
5.08 99.47 
20.40 98.63 
44.16 96.83 
HYDROMETER SIEVE ANALYSIS 
WEIGHT TOTAL PERCENT 
RETAINED PASSING 
1. 58 
1.10 
0.83 
3.66 
93.91 
91.88 
90.35 
83.60 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
77.21 0.04062 
72.60 0.02939 
64.29 0.01932 
52.30 0.01174 
46.06 0.00846 
40.75 0.00607 
32.53 0.00269 
25.75 0.00127 
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Carbide Graphite #4 
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� "' 
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FINE 5PIND 
.100 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL 
Carbide/Graphite 35 
2% By-Product 
TIME TEMP 
(MIN) OF 
5.00 66.00 
15.00 66.50 
33.00 68.00 
65.00 69.50 
250.00 72.00 
1440.00 73.50 
PL PI 
28 
SIEVE 
SIZE 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
7 
READING 
50.00 
42.00 
36.00 
33.00 
27.00 
22.00 
SPGR AASHTO GI usc 
2.70 A-4 ( 7) ML 
MECHANICAL SIEVE ANALYSIS 
WEIGHT 
RETAINED 
0.00 
0.00 
HYDROMETER SIEVE 
WEIGHT 
RETAINED 
1. 95 
1. 81 
1.68 
6.40 
TOTAL PERCENT 
PASSING 
100.00 
100.00 
ANALYSIS 
TOTAL PERCENT 
PASSING 
97.46 
95.11 
92.92 
84.59 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
60.21 0.01716 
49.90 0.01069 
42.48 0.00748 
38.77 0.00542 
31.52 0.00283 
25.29 0.00121 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL PL PI SPGR AASHTO GI usc 
Carbide/Graphite NON-PLASTIC 
4% By-Product 
2.73 A- 4 ( 0) CL 
TIME TEMP 
(MIN) O F  
2.00 64.00 
5.00 64.00 
15.00 65.50 
30.00 66.50 
80.00 68.50 
255.00 72.00 
1440.00 73.00 
SIEVE 
SIZE 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
57.00 
51.00 
42.00 
36.50 
31.00 
26.00 
21.00 
MECHANICAL SIEVE ANALYSIS 
WEIGHT 
RETAINED 
0.00 
0.00 
TOTAL PERCENT 
PASSING 
100.00 
100.00 
HYDROMETER SIEVE ANALYSIS 
WEIGHT 
RETAINED 
2.10 
1. 81 
1. 84 
7.02 
TOTAL PERCENT 
PASSING 
97.33 
95.03 
92.69 
83.76 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
66.92 .02522 
59.41 0.01707 
48.30 0.01067 
41.57 0.00785 
34.99 0.00495 
29.35 0.00280 
23.31 0.00121 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER LL 
Carbide/Graphite 
6% By- Product 
TIME TEMP 
(MIN) OF 
1. 00 67. 00 
2. 00 67. 00 
5. 00 67. 00 
15.00 68.00 
30. 00 68.50 
60.00 69. 00 
250. 00 72. 50 
1440. 00 73. 00 
PL PI SPGR AASHTO GI usc 
NON- PLASTIC 2.75 A-4 ( 0) CL 
SIEVE 
SIZE 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
45.00 
42.50 
38. 00 
31.50 
28. 00 
25. 00 
20. 00 
16.50 
MECHANICAL SIEVE ANALYSIS 
WEIGHT 
RETAINED 
0.00 
0.00 
TOTAL PERCENT 
PASSING 
100. 00 
100. 00 
HYDROMETER SIEVE ANALYSIS 
WEIGHT 
RETAINED 
2.10 
1. 86 
1. 71 
7. 75 
TOTAL PERCENT 
PASSING 
97. 39 
95.08 
92.96 
83.33 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
50.94 0.03944 
4 7. 89 0.02854 
42.41 0.01876 
34. 65 0. 01132 
30. 39 0. 00821 
26. 88 0. 00589 
21.25 0. 00292 
17.20 0. 00124 
1.00 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER 
Carbide/Graphite 
8% By-Product 
TIME TEMP 
(MIN) OF 
2.00 66.00 
5.00 66.00 
15.00 66.00 
30.00 67.00 
60. 00 68.50 
240.00 72.50 
1440.00 72.50 
LL PL PI SPGR AASHTO GI usc 
NON-PLASTIC 2. 71 A-4 (0) CL 
SIEVE 
SIZE 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
42.50 
38.00 
31.50 
28.00 
25.00 
20.00 
16.50 
MECHANICAL SIEVE ANALYSIS 
WEIGHT 
RETAINED 
0.00 
0.00 
TOTAL PERCENT 
PASSING 
100.00 
100.00 
HYDROMETER SIEVE ANALYSIS 
WEIGHT 
RETAINED 
2.18 
1.84 
1. 59 
9.34 
TOTAL PERCENT 
PASSING 
97.35 
95.11 
93.18 
81.83 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
47.10 0.02907 
41.70 0.01911 
33.89 0.01161 
29.83 0.00836 
26.38 0.00600 
20.96 0.00302 
16.76 0.00126 
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LABORATORY RECORD OF SOIL TEST DATA 
SAMPLE NUMBER 
Carbide/Graphite 
10% By-Product 
TIME TEMP 
(MIN) OF 
2.00 66.00 
5.00 66.00 
15.00 66.50 
32.00 67.00 
63.00 69.00 
240.00 72.00 
1461. DO 72.50 
LL PL PI SPGR AASHTO GI usc 
NON-PLASTIC 2.73 A- 4 ( 0) CL 
SIEVE 
SIZE 
NO. 4 
NO. 10 
SIEVE 
SIZE 
NO. 20 
NO. 40 
NO. 60 
NO. 200 
HYD 
READING 
42.50 
38.00 
31.50 
28.00 
25.00 
20.00 
16.50 
MECHANICAL SIEVE ANALYSIS 
WEIGHT 
RETAINED 
0.00 
0.00 
TOTAL PERCENT 
PASSING 
100.00 
100.00 
HYDROMETER SIEVE ANALYSIS 
WEIGHT 
RETAINED 
1. 42 
1. 48 
1. 35 
8.25 
TOTAL PERCENT 
PASSING 
98.31 
96.55 
94.94 
85.13 
HYDROMETER ANALYSIS 
PERCENT PARTICLE 
FINER DIAMETER-MM 
45.91 0.02890 
40.65 0.01900 
33.04 0.01154 
29.08 0.00805 
25.85 0.00578 
20.43 0.00300 
16.34 0.00124 
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APPENDIXB 
Moisture-Density Relations Curves 
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